other than nicotine that may contribute to behavioral effects of
cigarette smoking.
The toxicity of nicotine is discussed in detail in Appendix B.

Nicotine and Other Alkaloids in Various Tobacco Products

Nicotine is a tertiary amine composed of a pyridine and a
pyrrolidine ring (Figure 1). Nicotine may exist in two different three-
dimensionally structured shapes, called stereoisomers. Tobacco
contains only (Sknicotine (also called I-nicotine), which is the most
pharmacologically active form. Tobacco smoke also contains the less
potent (R)nicotine talso called d-nicotine) in quantities up to 10
percent of the total nicotine present (Pool, Godin, Crooks 1985).
Presumably some racemization occurs during the combustion pro-
cess.

The nicotine yield of cigarettes, as determined by standardized
smoking machine tests, is available for most brands. However, the
amount of nicotine in cigarettes or other tobacco products is not
specified by manufacturers. Because tobacco is a plant product, there
are differences in the amount of nicotine among and within different
types and strains of tobacco, including variations in different parts of
the plant, as well as differences related to growing conditions. Table
1 shows concentrations of nicotine and other alkaloids in several
different tobacco leaves used in making commercial tobacco prod-
ucts. Within a tobacco plant, leaves harvested from higher stalk
positions have higher concentrations of nicotine than from lower
stalk positions; ribs and stems of the leaves have the least (Rath-
kamp, Tso, Hoffmann 1973). Combining different varieties of tobacco
and different parts of the plant is a way to change the nicotine
concentration of commercial tobacco.

In a study of amounts of nicotine in the tobacco of 15 American
cigarette brands of differing machine-determined yields (Benowitz,
Hall et al. 1983), tobacco contained on average 1.5 percent nicotine
by weight. Nicotine yield of the cigarettes, as defined by Federal
Trade Commission smoking machine tests, was correlated inversely
with nicotine concentrations in the tobacco. Thus, tobacco of lower-
yield cigarettes tended to have higher concentrations of nicotine
than did tobacco of higher-yield cigarettes. However, lower-yield
cigarettes also contained less tobacco per cigarette, so the total
amount of nicotine contained per cigarette, averaging 8.4 mg, was
similar in different brands. Thus, low-yield cigarettes are low yield
not because of lower concentrations of nicotine in the tobacco, but
because they contain less tobacco and have characteristics which
remove tar and nicotine by filtration or dilution of smoke with air.
Concentrations of nicotine in commercial tobacco products are
summarized in Table 2.
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FIGURE 1.—Chemical structures of nicotine and minor

tobacco alkaloids
SOURCE: Lete +1983

Although the major alkaloid in tobacco is nicotine, there are other
alkaloids in tobacco which may be of pharmacologic importance.
These include nornicotine, anabasine, myosmine, nicotyrine, and
anatabine (Figure 1). These substances make up 8 to 12 percent of
the total alkaloid content of tobacco products (Table 1) (Piade and
Hoffmann 1980). In some varieties of tobacco, nornicotine concentra-
tions exceed those of nicotine (Schmeltz and Hoffmann 1977).

Typical quantities of the minor alkaloids in the smoke of one
cigarette are: nornicotine (27 to 88 ug), cotinine (9 to 50 ug),
anabasine (3 to 12 pg), anatabine (4 to 14 ug), myosmine (9 ug), and
2,3’ dipyridyl (7 to 27 pg). N'-methylanabasine, nicotyrine, nornicoty-
rine, and nicotine-N'-oxide have also been identified in cigarette
smoke (Schmeltz and Hoffmann 1977). Puffing characteristics,
especially puff frequency, influence the delivery of the component
alkaloids (Bush, Griinwald, Davis 1972).
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TABLE 1.—Alkaloid content of various tobaccos (mg/kg,
dry basis)

Dark commercial tobacco

Alkaloid A B Burley Bright
Nicotine 11.500 10,000 15,400 12900
Nornicotine 550 200 630 210
Anatabine 360 380 570 600
Anabasine 140 150 99 150
Cotinine 195 140 90 40
Myosmine 45 50 60 30
2.3-Dipvridyl 100 110 30 10
N'-Formyl-nornicotine 175 210 140 40

SOURCE. Piade and Hoffmann (1980

TABLE 2.—Nicotine content of various tobacco products

Number Concentration Typical Nicotine in Nicotine in dose
of brands of nicotine single dose  single dose» typically consumed
Product tested img/g tobacco (g tobacco (mgi in a day
Cigarettes' 15 15.7 (13.3-26.9) 054 84 168 myg/20 cigs
Moist snulf-* 8 10.5 16.1-16.6) 14 14.5 137 mg’15 g
Chewing tobacco 2 16.8 (9.1-24.5) 79 133 1.176 mg/70 ¢
Sinple dose refers to a cigarette or an amount of smokeless tobacco placed in the mouth.

Range
SOURCE. ' Benowitz, Hall et al (19835 * Kozlowski et al. 119821 ° Gritz et al 119811 ' Benowitz, Porchet et al rin

pressi

Nornicotine and anabasine have pharmacologic activity qualita-
tively similar to that of nicotine, with potencies of 20 to 75 percent
compared with that of nicotine, depending on the test system and the
animal (Clark, Rand, Vanov 1965). In addition to direct activity,
some of the minor alkaloids may influence the effects of nicotine. For
example, nicotyrine inhibits the metabolism of nicotine in animals
(Stalhandske and Slanina 1982).

The pharmacology of the minor tobacco alkaloids is discussed in
more detail in the last section of this Chapter.
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